INTRODUCTION
Elastin is an important structural protein, responsible for the elastic characteristics of many tissues. Its mechanical properties have direct relevance to its physiological roles, and are also of interest in tissue engineering and material design. We are studying the mechanical behaviour of elastin at the single-molecule level using optical tweezers.
Optical tweezers utilize a highly focused laser beam to trap microscopic objects, and exert forces in the picoNewton (pN) range. They can be used to probe the mechanical response of a protein: by applying pN-scale forces to microspheres tethered to its ends, the protein can be stretched. The resulting forceextension curves provide information on the protein's mechanical properties such as elasticity and extensibility.
The relatively short contour length of elastin (L=266 nm) introduces physical and chemical challenges to determining mechanical properties such as elasticity and flexibility [1] . In this work, we discuss using DNA handles to extend the length of the tethered construct, thereby reducing experimental difficulties such as non-specific binding of elastin to microspheres and physical and optical interactions between the microspheres. Through analysis of simulated force-extension curves of the hybrid elastin-DNA system, we develop an understanding of how parameters such as length of the DNA handles and of the protein affect output parameters such as persistence lengths. We present experimental force-extension results of a hybrid system of elastin with DNA handles.
METHOD
The molecular construct consists of human tropoelastin protein linked at each end to a double-stranded DNA "handle". This hybrid construct is specifically bound between two labelled microspheres, one held in an optical trap (a focussed laser with a trap stiffness κ=100pN/µm), and the other on a micropipette whose motion enables stretching the tethered molecule [1] .
Simulations of force-extension trajectories are performed to mimic experiments. As a molecule is stretched, the optically trapped bead is pulled from the centre of the harmonic trap (F=-κx), reflecting the tension applied through the tethered molecule and the stochastic thermal force. The overdamped motion of the bead is described by the Langevin equation [2] :
Here ! = 6!"#$ is the drag coefficient of the bead with radius R in a solution with kinematic viscosity ν and density ρ, ! = ! ! ! ! is its diffusion coefficient, and ! ! represents the random thermal force. WLC represents the force required to stretch the tethered molecules to each extension, and is given by the worm-like chain model, which considers the DNA and elastin to possess purely entropic elasticity in the force range simulated (F<10 pN) [3] . For the simulations, persistence lengths and contour lengths of p DNA =50 nm, p elastin =0.36 nm and L DNA =680nm, L elastin =266nm were used [3, 4] .
RESULTS
A simulated force-extension curve of the hybrid elastin-DNA construct is shown in Figure 1 . 
DISCUSSION & CONCLUSIONS
While elastin and DNA are considered as WLC polymers, a single WLC model cannot be used to describe the entropic force-extension behaviour of the hybrid system due to the significant difference in the persistence lengths of elastin and DNA. DNA handles dominate the mechanical response at low forces, while elastin increasingly contributes to extensibility and stiffness of the system at higher forces. We find that persistence length and contour length of the handles can be extracted by fitting low-force data with the WLC model, and then using these parameters in a fit to the higher-force data to extract persistence length and contour length for elastin.
